Oral cancer is usually treated combining surgery, radiation therapy and chemotherapy, following effective therapeutic protocols. Severe maxillary and mandibular bone atrophy resulting after therapies are usually treated with autologous bone grafting procedures even though these techniques often present a significant risk of postoperative complications and disadvantages. We describe the case of a 59-year-old woman presenting severe bone defect after being treated with surgery and radiotherapy for recurrent oral verrucous squamous cell carcinoma. We performed bone regeneration using Platelet-Derived Growth Factors (PDGF) in combination with autologous bone chips. Our procedure of bone regeneration allowed the placement of dental implants and the achievement of a good aesthetic and functional result. Regenerative surgery may enable the regeneration of substantial bone defects. Moreover, PDGF application decreases the risk of implant failure in irradiated patients.
Introduction
Post-surgical bone defects are usually treated with autologous bone grafting procedures that may be considered * Corresponding author. the gold standard approach. However the need for a donor site, the surgical and immune-rejection risks and the unpredictable reabsorption rate represent some limitations to its use [1] - [3] .
Moreover, radiotherapy side effects may cause considerable complications in oral rehabilitation and dental occlusion restoration. In fact, while many patients are not able to bear the use of traditional removable prostheses, dental implants placement leads to a consistent patient' quality of life improvement. Head and neck surgery and radiation therapy are not considered an absolute contraindication for dental implant positioning anymore, even though there is a significant difference in success rate between irradiated and non-irradiated patients [4] . In fact, successful osseointegration is significantly affected by total radiation dose: although there is no consensus in guidelines about dental implants positioning in irradiated patients, in literature it is stated that usually doses higher than 60 -66 Gy are related to a higher implant failure rate, doses in the 50 -60 Gy range do not contraindicate implantology and doses lower than 45 Gy are not associated with implant failure [4] - [6] . Our patient underwent 24 radiotherapy sessions with a 50 Gy range, thus comporting a symptomatic second degree mucositis (G2) pharmacologically treated, and severe maxillary and mandibular bone atrophy and maxillary sinus floor thinning. Bone radiation therapy leads to alteration of the function of osteoblasts and osteoclasts during bone repair and remodeling process and to the formation of hypovascularised and fibrotic tissue [7] . Major complications for dental implant placement in irradiated patients are delayed healing and osteoradionecrosis; moreover, in literature the relative risk of dental implant failure in irradiated bone is valued to be 2 or 3 times greater than that of non-irradiated ones [6] .
For this reason we tried a new surgical approach, in order to enable the regeneration of bone defects. In fact, three factors are needed to allow bone regeneration: a supporting structure (carrier), cells stimulated by growth factors (GF) and extracellular matrix material (ECM), i.e. signal molecules mediating the healing process [8] .
We performed bone reconstruction using PDGF, namely the Platelet Rich Plasma (PRP) or its gel form, the Platelet Gel (PG), in combination with autologous bone chips, as bone chips may be mixed with PDGF to become osteoinductive [9] .
We obtain PG from a single unit (450 cc) of patient's whole blood with an easy and safe procedure [10] . The addition of cryoprecipitate, thrombin and excess of Ca++ to PRP triggers the coagulation with the PDGF released by the α-granules, through the promotion of mesenchymal stem cell recruitment and the initiation of cell proliferation, chemotaxis, and differentiation [11] [12].
Case Report
We describe the case of a 59-year-old woman who underwent radical surgical excision of recurrent verrucous squamous cell carcinoma of the left cheek, which comported also the surgical removal of a block of alveolar process of left hemimandible starting from the second premolar to the second molar and a conservative neck dissection. The surgical treatment was completed by adjuvant radiation therapy.
Two years after surgery the patient showed severe maxillar bone atrophy with extreme bilateral thinning of the maxillary sinus floor associated with mandibular bone defect; as evidenced by orthopantomography ( Figure  1 ) there was also a retraction of the left cheek that made the positioning of the dental implants impossible due to lack of space.
The patient had head and neck CT-scan and PET negative for malignancy so we decided to use regenerative surgery techniques to fill post-surgical and post-radiotherapy defects, with the ambitious goal to place a number of dental implants sufficient to allow a satisfactory functional and aesthetic rehabilitation.
The patient underwent left mandibular bone reconstruction using PG, thus allowing the positioning of three dental implants. Six months later we performed left maxillary sinus elevation with PG in combination with autologous bone chips; twelve months later again, we performed the right maxillary sinus elevation using the same surgical technique (Figure 2) .
Finally, four dental implants were placed in the right hemimandible. One year later we performed a second left maxillary sinus elevation using PG: in fact the sinus was divided in two parts by a bone septum and required two surgical procedures to obtain an acceptable thickness. The biological sinus lift has allowed us to regenerate a block of bone measuring 10 mm by 10 mm within both maxillary sinuses. Three months later two dental implants were positioned in the left hemimaxilla and two in the right one (Figure 3) .
Then, asubmucosal expander was positioned for three months in order to obtain the necessary space to settle both teeth's crowns, given the scar retraction and fibrosis caused by tumor removal on the left side. At our follow up visit, three years later dental implant surgery, the patient is recurrence-free and all implants are correctly osseointe grated and functioning, with an optimal improving of patient quality of life (Figure 4 ).
Discussion
Head and neck cancer (HNC) is the 6th most common cancer in the world (6% of all cancer cases) and 8th most common cause of cancer' death worldwide, including tumour localized in the oral cavity (40%), larynx (25%) and pharynx (15%). In 90% of the cases the histological type is squamous cell carcinoma of head and neck (HNSCC), that is tumour growing from epithelial cells of mouth, pharynx, larynx and nose [13] . Most common risk factors are smoking, alcohol abuse, oral tobacco, betel nut, pan or gutkha chewing, wrong alimentation, Ebstein-Barr Virus (EBV) or Human Papilloma Virus (HPV) 16 and 18 infection. Mostly men and patients >55 years are more subjected to HNC [14] [15] . A multi-modality treatment is frequently required in HNSCC, consisting of surgery, radiation therapy (RT), chemotherapy and photodynamic therapy, depending on tumour stage [16] . A fundamental thing to consider in the beginning is HPV presence in tumour cells as it is one of the most important independent prognostic factor in HNSCC; it is present in 26% of all HNSCC. In fact, HPV infection is associated with less aggressive tumour, higher survival rate, better loco-regional control and lower second primary cancer rates or recurrence. It basically means that it should be necessary to intensify the treatment and introduce new chemotherapic agents for induction therapy for HPV negative patients [14] . At an early stage, HNSCC are mostly treated with surgery associated to postoperative radiotherapy (standard treatment consists of 3 -7 weeks, 5 days a week), with a high percentage of survival and low recurrence rate, depending on its location [17] . Improvement in non-surgical treatment has led to less invasive and organ-conserving surgery, with a consisting enhancement in speech, swallowing and preservation of other functions proper of the region involved in tumour growth. Unfortunately, about 60% of patients with HNSCC are diagnosed with stages III and IV (locally advanced) [18] ; without any treatment the median survival is <4 months, for this reason combined treatment with surgery, radiotherapy and chemotherapy is required. Chemotherapy may be applied as neo-adjuvant therapy, in association with radiotherapy, as adjuvant therapy after surgery or palliative therapy in inoperable tumours. For inoperable local-regional advanced HNSCC chemo-radiotherapy is the standard of care which allows an organ conserving management [19] ; an alternative is a chemotherapy alone, mostly with platinum-based agent or with fluorouracil (5-FU). In particular chemo-radiotherapy withcis-platinum leads to higher complete remission rates (65% -70%) than other protocols and platinum-based concurrent chemoradiotherapy improve patient survival of 8% -11% compared to radiotherapy alone, even if it comports higher toxicity [18] . Some recent clinical studies comparing organ-sparing radiation therapy associated or not to chemotherapy underline that patients' quality of life is worst in the group treated with chemo-radiotherapy, especially for some long-term life-altering side effects of radiotherapy as prostration, nausea, cough, dysphagia, cutaneous irritation, alopecia, pharyngitis, aphonia, decrease in hunger, taste and smell, disphagia, osteoradionecrosis, soft tissue fibrosis, xerostomia and speech problems [19] . Chemotherapy side effects are mostly nausea and vomiting, diarrea, dermatitis, mucositis, anemia, hypoalbuminemia, neutropenia, neurotoxicity, nephrotoxicity and myelosupression [18] [19] . Because of these important side effects of radiotherapy and chemotherapy, these treatments cannot be applied as standard treatment for many patients with comorbidity, as they comport delays in irradiation protocols, reduction in radiation doses or discontinuation in chemotherapy. When the Gross Tumour Volume (GTV) is irradiated to a radical dose which is typically 70 Gray (Gy), the Planning Target Volume (PTV) which includes the free margin beyond the gross disease to irradiate, ranges from 0 to 3 -5 mm, to a maximum of 1.5 -2 cm, according to several clinical studies, even if the long term morbidity related to the irradiation of large volume of non-involved tissue beyond GTV, especially in HPV-positive patients, leads to a shrinkage of PTV and to intensify the radiation dose completely within the GTV, thanks to brachytherapy or stereotactic body radiotherapy techniques. Moreover, when possible, given the benefit in preserving as much salivary tissue as possible, radiation therapy with contralateral parotid sparing is routine in lymph-node negative neck and it is important to consider the risk-benefit ratio of the omolateral parotid preservation. As micro-metastases require relatively low doses of irradiation for complete sterilization, concurrent chemotherapy has a radiosensiting effect and there is a relatively low risk of metastases in contralateral neck, it is possible to apply conservative dosing strategy (≤56 GY) in uninvolved nodal regions, sparing salivary glands and swallowing structures. Moreover, Intensity Modulated Radiation Therapy (IMRT) is a notable improvement towards standard radiotherapy treatments, as it is an highly conformal technique which allows organ sparing, ensuring at the same time an adequate radiation dose to target structures. Whole neck IMRT has become more commonly used than split-field IMRT, as it preserves low anterior neck (LAN) field, leading to lower swallowing and other side effects due to larynx and pharyngeal constrictors irradiation. Also dose-painting and Simultaneous Integrated Boost (SIB) has improved patients' quality of life [20] . The development of target therapies led to the combination of radiotherapy and cetuximab, an IgG1 chimeric monoclonal antibody which binds specifically to EGFR (Epithelial Growth Factor Receptor), a target molecule which is over expressed in 80% -90% of HNSCC. Its expression increases as precancerous lesions progress to invasive cancer, with tumour size, stage, progression, risk recurrence increase, RT low sensivity and poor prognosis [21] [22] . It is the only molecular-targeting agent approved to be used in combination with chemotherapy in recurrent or metastatic HNSCC, with radiotherapy in loco-regionally advanced onesor as monotherapy for recurrent/metastatic HNSCC that has become resistant to chemotherapy [22] [23] . It significantly improves survival rates and loco-regional control when compared with radiotherapy alone, but there is no clinical study proving his efficacy in comparison with standard chemotherapy. Also photodynamic therapy (PDT) can be applied to early staged tumours or as palliative therapy; its main side effects are photosensibilization, pain, difficult in swallowing and bleeding. For the treatment of metastatic/recurrent HNSCC, standard therapy is multidisciplinary approach: mainly chemotherapy associated or not with cetuximab. Therapeutic options and prognosis greatly depends on site, extension and previous treatment. Surgery represent the first option when possible (local recurrence) as it is generally the only curative option for patients with recurrent upper aerodigestive tract HNSCC. Factors associated with poor outcomes are positive surgical margins, advanced initial and recurrent tumour stage, lack of disease-free interval following previous treatment, presence of concomitant recurrent neck disease. This treatment is mostly associated with significant patient morbidity and poor long-term survival; for these reasons an accurate patients' selection is fundamental. Patients with metastatic disease are not usually offered salvage surgery, unless they have isolated metastasis: in this case they can undergo metastasectomy. If patients have not been previously radiotreated, radiotherapy after surgery, often applied to patients with positive surgical margins and regional lymph node extracapsular disease extension, can be applied. On the contrary, re-irradiation involves a high percentage of morbidity and mortality (33% and 10%) withoutany demonstrable effect on overall survival. In alternative, successful savage can be obtained with chemoembolization, metastasectomy or palliative chemotherapy; for example in patients with isolated metastases in the lung or liver stereotactic irradiationor laparoscopic surgical resection is possible, for isolated liver metastases chemoembolization or radiofrequency ablation is also possible [15] [23].
Conclusion
Regenerative surgery may represent a valid alternative to enable the regeneration of bone defects and manage particularly challenging clinical issues, especially in head and neck cancer surgery. As these techniques are minimally invasive, guaranteeing a good quality of life is particularly useful when there is a shortage of donor tissue.
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